Objective: Corticotropin-releasing hormone (CRH), a major regulator of the stress response, regulates various biological functions through its interaction with CRH receptors 1 (CRHR1) and 2 (CRHR2). CRH, CRHR1, and CRHR2 have recently been reported in several types of carcinoma, but the significance of these proteins has remained largely unknown in human endometrial carcinoma. Materials and Methods: A total of 87 endometrial carcinoma specimens were obtained from Japanese female patients who underwent surgical treatment, fixed in 10% formalin, and embedded in paraffin wax. Immunohistochemistry for CRH, CRHR1, and CRHR2 was performed, and clinical data were obtained from the medical records. Results: Immunopositivity of CRH, CRHR1, and CRHR2 in the specimens was 26%, 15%, and 10%, respectively. Univariate analysis revealed that immunohistochemical CRH status was positively associated with CRHR1 and CRHR2 status and that CRHR1 status was significantly associated with the risk of recurrence and poorer clinical outcome, whereas CRHR2 status was marginally associated with better prognosis for overall survival. Multivariate analysis demonstrated CRHR1 status as an independent prognostic factor for both disease-free and overall survival. Conclusions: These results suggest that intratumoral CRH-CRHR1 signaling plays an important role in the progression of endometrial carcinoma and that CRHR1 is a potent prognostic factor in patients with this disease.
E ndometrial carcinoma is the most common malignancy found in the female genital tract, and its incidence, particularly that of the most common histological type, endometrioid endometrial carcinoma, has increased recently. 1, 2 The estimated 5-year overall survival for early-stage endometrial carcinoma is 82% but decreases remarkably to 67% for regional disease and 16% for distant disease. 3 Although the majority of patients (approximately 83%) are diagnosed as having stage I or II disease, those with advanced-stage endometrial carcinoma or unfavorable pathological characteristics have poor prognosis. 2 Therefore, it is important to evaluate the clinical and biological markers in patients with endometrial carcinoma to predict recurrence after surgery and to evaluate the indications of additional therapies appropriately.
Corticotropin-releasing hormone (CRH) is a major regulator of the stress response to internal and external factors. 4 The stress response is characterized by an activation of the autonomic nervous system and the hypothalamicpituitary-adrenal (HPA) axis. 5 Corticotropin-releasing hormone is secreted by the paraventricular nucleus of the hypothalamus in response to stress and stimulates the anterior lobe of the pituitary gland to release adrenocorticotropic hormone through its interaction with CRH receptors 1 (CRHR1) and 2 (CRHR2). 6 Adrenocorticotropic hormone in turn stimulates the adrenocortex to produce and secrete cortisol. 6, 7 The actions of CRH and its receptors are thought to play important roles in various stress-related disorders. 8 Recent studies have demonstrated that CRH is present not only in the central nervous system but also in various peripheral organs. 9 Corticotropin-releasing hormone mediates endocrine responses to stress by activating the HPA axis as well as via direct actions in the periphery. 10, 11 Of note, the expression of CRH and its receptors has also been reported in several types of carcinoma. 12, 13 Specifically, Miceli 14 reported CRH, CRHR1, and CRHR2 immunoreactivity in endometrial carcinoma. Although stress is known to be a promoter of tumor growth, 15 it remains unclear whether CRH, CRHR1, or CRHR2 immunoreactivity in endometrial carcinoma is a risk factor for poor prognosis. In this study, we tested the hypothesis that the expression of CRH, CRHR1, and CRHR2 in endometrial carcinoma is associated with poor prognosis.
MATERIALS AND METHODS

Ethics Statement
All subjects provided written informed consent for histopathological examination of their resected tissues. The research protocol for this study was approved by the Ethics Committee of Tohoku University Graduate School of Medicine.
Patients and Tissues
A total of 87 women with endometrioid endometrial adenocarcinoma participated in this study. All patients underwent surgical treatment from 1993 to 2003 at the Department of Obstetrics and Gynecology, Tohoku University Hospital, Japan, at a mean age of 56 years (range, 30Y79 years). The standard primary treatment for endometrial carcinoma at Tohoku University Hospital is surgery consisting of total abdominal hysterectomy, salpingo-oopholectomy, pelvic and/or para-aortic lymphadenectomy, and peritoneal washing cytology. Of the 87 patients, 74 underwent lymphadenectomy. None of the patients examined had received irradiation, hormonal therapy, or chemotherapy before surgery. The patients were initially staged according to the International Federation of Gynecology and Obstetrics 1988 classification, 16 which was recorded in their medical records, but for this study, we reevaluated the stage according to the International Federation of Gynecology and Obstetrics 2009 staging guidelines. 17 After surgery, 50 patients received pelvic radiation therapy or chemotherapy.
Clinical outcome was evaluated based on disease-free and overall survival, which were calculated from the time of initial surgery to recurrence and/or death or to the date of last contact. The mean follow-up time was 94 months (range, 8Y224 months), and all patients were managed at the Tohoku University Hospital or its affiliated hospitals during the study period.
Immunohistochemistry
Specimens were fixed in 10% formalin and embedded in paraffin wax. Goat polyclonal antibodies against CRH (C-20), CRHR1 (V-14), and CRHR2 (N-20) were purchased from Santa Cruz Biotechnology (Dallas, TX). Mouse monoclonal antibodies against the estrogen receptor (ER; ER1D5), progesterone receptor (PR; MAB429), and Ki-67 (MIB1) were purchased from Immunotech (Marseille, France), Chemicon (Temecula, CA), and DAKO (Carpinteria, CA), respectively.
A Histofine Kit (Nichirei Biosciences, Tokyo, Japan), which uses the streptavidin-biotin amplification method, was used for antibody staining. Antigen retrieval was performed by heating the slides in a microwave for 20 minutes in citric acid buffer (2-mM citric acid and 9-mM trisodium citrate dehydrate; pH 6.0) for staining with anti-CRH and CRHR1 antibodies and by heating the slides in an autoclave at 120-C for 5 minutes in citric acid buffer for ER, PR, and Ki-67 immunostaining. No antigen retrieval was performed for CRHR2 immunostaining. The dilutions of the primary antibodies were as follows: CRH, 1/50; CRHR1, 1/50; CRHR2, 1/50; ER, 1/50; PR, 1/40; and Ki-67, 1/50. 18 Antigen-antibody complexes were visualized with 3,3 ¶-diaminobenzidine (DAB) solution (1-mM DAB, 50-mM TrisYHCl buffer [pH 7.6], and 0.006% H 2 O 2 ) and counterstained with hematoxylin. Human placental tissue was used as a positive control for CRH, CRHR1, and CRHR2 immunostaining.
14 As a negative control, normal goat or mouse immunoglobulin G was used instead of the primary antibody.
When CRH, CRHR1, and CRHR2 immunoreactivity was detected in the cytoplasm of the endometrial carcinoma cells, cases with more than 10% positive carcinoma cells were considered positive for CRH, CRHR1, and CRHR2 because 10% is frequently used as the cutoff for the evaluation of cytoplasmic immunostaining. 19 Estrogen receptor, PR, and Ki-67 immunoreactivity was detected in the nucleus and evaluated in more than 1000 carcinoma cells in each case, and the percentage of immunoreactivity (labeling index [LI]) was determined. Cases with LI of 10% or greater were considered positive for ER and PR.
Statistical Analysis
The associations between CRH, CRHR1, and CRHR2 immunohistochemical status and clinicopathological factors were evaluated using Student t test or cross-tabulation using the W 2 test. Disease-free and overall survival curves were generated according to the Kaplan-Meier method, and statistical significance was calculated using Cox proportional hazard model. Univariate and multivariate analyses were performed according to Cox model. P G 0.05 was considered significant, and P Q 0.05 but P G 0.10 was considered borderline significant, and these values were subjected to multivariate analysis. 21 Statistical analysis was performed using JMP Pro version 9.02 (SAS Institute, Inc, Cary, NC).
RESULTS
Immunolocalization of CRH, CRHR1, and CRHR2 in Endometrial Carcinoma
Corticotropin-releasing hormone, CRHR1, and CRHR2 immunoreactivity was detected in the cytoplasm of endometrial carcinoma cells (Fig. 1AYC ). Corticotropin-releasing hormone, CRHR1, and CRHR2 were weakly positive in the nonneoplastic endometrial glands and negative in the stroma. Of the 87 cases of endometrial carcinoma, 23 (26%), 13 (15%), and 9 (10%) were positive for CRH, CRHR1, and CRHR2, respectively.
The association between immunohistochemical CRH status and the various clinicopathological parameters of the patients are summarized in Table 1 . Corticotropin-releasing hormone immunoreactivity was significantly associated with CRHR1 status (P = 0.004) and CRHR2 status (P = 0.001). However, no significant association was detected between CRH status and other factors such as patient age, stage, status of adjuvant therapy after surgery, lymph node metastasis, myometrial invasion, histological grade, lymphovascular invasion, ER status, PR status, and Ki-67 LI. Furthermore, neither CRHR1 status (Table 2 ) nor CRHR2 status (Table 3) was significantly associated with any of the factors examined.
Association Between CRH, CRHR1, and CRHR2 Status and the Clinical Outcomes of Patients With Endometrial Cancer
Corticotropin-releasing hormone status was not significantly associated with disease-free (P = 0.17, Fig. 2A ) or overall (P = 0.23, Fig. 2B ) survival in any of the patients. In contrast, CRHR1 status was significantly associated with an increased incidence of recurrence (P = 0.023, Fig. 2C ) and worse prognosis (P = 0.009, Fig. 2D ). Corticotropin-releasing hormone receptor 2 status was not significantly associated with the incidence of recurrence (P = 0.61, Fig. 2E ) but was marginally associated with better clinical outcome (P = 0.093, Fig. 2F ). Similar tendencies were also detected when the cases were classified into 3 groups according to immunointensity (ie, negative, weakly positive, and strongly positive 22 ) (disease-free survival: P = 0.15 for CRH; P = 0.019 for CRHR1; and P = 0.76 for CRHR2) (Supplemental Digital Content Figure S1 [AYC], http://links.lww.com/IGC/A232) and overall survival (P = 0.010 for CRH; P = 0.003 for CRHR1; and P = 0.24 for CRHR2; data not shown).
The results of univariate analysis of disease-free survival by Cox model indicated PR status (P = 0.001) and CRHR1 status (P = 0.023) as significant prognostic factors for disease-free survival and stage (P = 0.057) and lymph node metastasis (P = 0.096) as marginally significant prognostic factors (Table 4) . Multivariate analysis demonstrated PR (P = 0.010) and CRHR1 (P = 0.027) as independent prognostic factors with relative risks greater than 1.0. In the univariate analysis for overall survival, PR status (P = 0.015) and CRHR1 status (P = 0.009) were significant prognostic factors, and CRHR2 status (P = 0.093) was a borderline significant factor. Subsequent multivariate analysis revealed all 3 of these variables as independent prognostic factors (P = 0.018, P = 0.006, and P = 0.019, respectively) ( Table 5) .
DISCUSSION
To our knowledge, this is the first study to demonstrate a significant association between CRHR1 immunoreactivity and poor prognosis in patients with carcinoma. In this study, CRHR1 immunoreactivity was detected in 15% of endometrial carcinoma cases and was positively associated with CRH immunoreactivity, whereas immunohistochemical CRHR1 status was significantly associated with increased recurrence and poor clinical outcomes. The results of multivariate analysis demonstrated CRHR1 status as an independent prognostic factor for both disease-free and overall survival in patients with endometrial carcinoma.
In previous studies, CRHR1 immunoreactivity was detected in several human carcinomas such as adrenal cortical (23%), 22 breast (31%), 23 ovarian (64%), 24 and endometrial (92%) 14 carcinoma. Corticotropin-releasing hormone binds to both CRHR1 and CRHR2, but its affinity is approximately 10-fold higher for CRHR1 than for CRHR2. 25 Both the molecular evidence for CRHR1 and the poor prognosis of carcinoma are increasing. Minas et al 24 reported that CRH increases the expression of the Fas ligand in ovarian carcinoma cells through CRHR1, thereby potentiating their ability to induce apoptosis of activated peripheral blood lymphocytes. In contrast, Jo et al 26 demonstrated that stimulation with CRH enhanced the in vitro migration and invasiveness of endometrial carcinoma cells (Ishikawa cells) through increased levels of matrix metalloprotease 2 and matrix metalloprotease 9 proteins. Moreover, CRH inhibits apoptosis 27 and induces cell proliferation by activating transforming growth factor A/Smad2 signaling 9 in breast carcinoma cells, although it has also been reported that CRH inhibits the growth of Ishikawa cells through CRHR1. 28 Therefore, CRH-CRHR1 signaling is suggested to regulate various biological functions and may play important roles in the aggressiveness of endometrial carcinoma. Miceli 14 did not find any significant association between CRHR1 immunoreactivity and clinical outcome in patients with endometrial cancer, which might be partly caused by the comparatively small sample set (n = 37) and short follow-up period (8Y82 months) in their study.
In this study, both PR status and CRHR1 status were independent prognostic factors. Recently, Huvila et al 29 demonstrated that PR status was a more significant predictor of relapse in 182 patients with early-stage endometrioid endometrial adenocarcinoma than the commonly accepted variables such as histological grade, lymphovascular invasion, and myometrial invasion, which is consistent with the present results. In addition, we could not detect any significant associations between stage and histological grade or prognosis, which may be partly caused by the relatively limited number of patients examined (n = 87). Corticotropin-releasing hormone receptor 2 immunoreactivity was detected in 10% of endometrial carcinoma cases and was positively associated with CRH immunoreactivity. Interestingly, in contrast to CRHR1, CRHR2 status turned out to be a better independent prognostic factor for overall survival in multivariate analysis. In other studies, CRHR2 immunoreactivity has been detected in several human malignancies including adrenocortical, 22 ovarian, 24 endometrial, 14 and breast 23 carcinoma, with immunopositivity ranging from 18% to 64%. Kaprara et al 23 reported distinct distributions of CRHR1 and CRHR2 in breast carcinoma and suggested different biological functions for each receptor. Corticotropinreleasing hormone receptor 2 plays almost an antagonistic ; activation of CRHR1 causes anxiety, a proinflammatory response, and pronociceptive effects of visceral pain, whereas stimulation of CRHR2 provokes anxiolysis, anti-inflammatory effects, and an antinociceptive response. 8 Moreover, CRHR2 has a higher affinity to urocortin than to CRH. 25, 30 Urocortin inhibits proliferation of melanoma cells, 31 and Florio et al 32 suggested that decreased urocortin expression causes the progression of endometrial carcinoma. In addition, CRHR2 is a tonic suppressor of vascularization, and the mechanism of this action has been postulated to modulate angiogenesis in cancer. 33 Taken together, CRHR2 can be considered to play a role in the characterization of less aggressive phenotypes of endometrial carcinoma, a role different from that of CRHR1.
The impact of stress on the development of cancer has been widely proposed. 15, 34, 35 During chronic stress and depression, persistent activation of the HPA axis based on excessive release of CRH is responsible for an impaired immune response, contributing to the development and progression of several types of cancer. 15 Corticotropin-releasing hormone in the periphery originates from the peripheral tissue and/or partially from peripheral blood, which contains CRH spilled over from the central nervous system. 36 Corticotropinreleasing hormone in the periphery stimulates CRH receptors in the whole body including the brain, uterus, and ovarium. 36 Because negative emotional processes are mediated by either central or peripheral CRH, 6 ,37 aberrant expression of CRH in endometrial carcinoma might affect the negative emotional state of the patients. Arranz et al 9 demonstrated that chronic stress augments tumor growth in breast tumor-bearing mice, which was promoted by peripheral CRH and not by the HPA axis. Taken together, intratumoral CRH-CRHR1 signaling likely plays an important role in the progression of endometrial carcinoma and may become an important therapeutic target for There are several limitations to this study. First, this study is descriptive and lacks in vitro experiments or the use of models. Therefore, further investigations are required to clarify the molecular functions of CRH-CRHR1 signaling associated with the poor clinical outcomes of patients with endometrial cancer. Second, we do not know the determinants of CRH, CRHR1, and CRHR2 expression in endometrial carcinoma cells; how endometrial carcinoma cells mediate CRH signaling remains to be elucidated. Third, this is a retrospective study, and the positive findings are based on only 13 (15%) of 87 patients with positive CRHR1. Cohort studies with a larger sample population and a long-term follow-up are the next step in confirming the roles of the CRH signaling system in cancer progression.
In conclusion, our results suggest that intratumoral CRH-CRHR1 signaling plays an important role in the progression of endometrial carcinoma. Further study is warranted to confirm CRHR1 as a potent prognostic factor in endometrial carcinoma in humans.
